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1 Introduction
During RAN1#61bis meeting it has been agreed that [14]:

· For initial transmission the CSI to (CS, OCC) should follow the following

· CS and OCC for layer 0(nDMRS,0(2), nOCC,0) is derived from 3-bit cyclic shift indicator (CSI) in UL DCI format. 
· Mapping table between CSI and ( nDMRS,0(2) , nOCC,0) 
· Exact mapping  is FFS
· CS for layer k (k=0,1,2,3) is derived from CS offset according to nDMRS,k(2)=(nDMRS,0(2)+∆k) mod 12
· CS offsets (∆k) for 2 layers are 0, 6 for k=0,1
· CS offsets (∆k) for 4 layers are 0, 6, 3, 9 for k=0, 1, 2, 3
· CS offsets (∆k) for 3 layers are FFS. 
· FFS applicability of the above to retransmission cases

In this contribution, we discuss and propose solutions for the following FFS issues in the above agreement:

· Design of the CS/OCC mapping patterns for rank-3 transmissions

· Possible introduction of an optional subframe-level sequence/group hopping pattern
2 Remaining details in UL-DMRS design
Several companies have proposed different strategies for signaling Cyclic Shift (CS) and OCC patterns in case of multi-layer transmission. Even though it is agreed that the CS and OCC value per layer is derived from a table as a function of the CSI, the specific mapping is still to be defined.
In particular, the CS/OCC pattern for rank-3 is still FFS [14]. Some companies [5]-[11] are in favour of optimizing the rank-3 pattern for SU-MIMO, thus having alternating OCC values between layers.  Another group of companies [1]-[4] is considering the possibility to define a subset of rank-3 patterns which is able to support MU-MIMO with unequal BW allocation, thus allocating the same OCC value to all the layers. In Section 3 we analyze other proposals and suggest a solution for the rank-3 CS/OCC pattern.
In Section 4 we discuss the possible introduction of optional subframe-level sequence/group hopping (SGH) in order to allow MU-MIMO of Rel-10 UEs with unequal BW allocation when SGH is enabled. 
3 CS/OCC Table Design for Rank-3

According to the available simulation results available in RAN1 [12][13] it appears obvious that the MU-MIMO gain with unequal bandwidth allocation can be achieved only by allowing maximum flexibility in the scheduling of different layer combinations, which should not be limited by DMRS configuration. Thus, it is important to consider the efficiency of layers assignment for MU-MIMO that should not be hampered by constraints imposed by the UL DMRS.

It should also be reminded that in certain deployments the Rel-10 system will be employed with up to 8 receive antennas on the eNB, therefore full MU-MIMO flexibility in terms of combinations of number of layers is of importance in order to exploit the available equipment.

Signaling schemes based on rank-dependent CS/OCC patterns are capable of achieving both flexibility in layer combinations and CS/OCC allocation efficiency for a number of configurations. On the other hand, the scheme proposed, e.g., in [6] has an unacceptable limitation not being able to support MU-MIMO with unequal bandwidth allocation with respectively 3 layers and 1 layer per UE. A graphical example of this limitation is provided in Figure 1.
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Figure 1: Example of DMRS patterns for MU-MIMO with 3/1 layers/UE according to the signaling scheme in [6]. MU-MIMO with unequal bandwidth allocation is not supported by [6] because of lack of orthogonality on the DMRS of the different UEs, even in case of TTI SGH.

On the other hand, the scheme proposed in [6] is able to support configurations of practical interest for SU-MIMO and MU-MIMO with up to 2 layers/UE. 
Therefore, a better DMRS signaling scheme is obtained if we modify the CS to OCC mapping table from [6] in case of rank-3 in order to fully support MU-MIMO with 3/1 layers/UE so at least MU-MIMO with up to 4 layers have suitable freedom in layer combinations. 

Table 1: Mapping of nOCC,k to the sequence 
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Table 2: Mapping of Cyclic Shift Field in DCI format 0 to nOCC,k values (for rank=3) (as for the FFS bullet in the agreement [14]).
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	000
	0
	1
	1
	1

	001
	6
	1
	1
	1

	010
	3
	0
	0
	0

	011
	4
	0
	1
	1

	100
	2
	1
	0
	0

	101
	8
	0
	1
	1

	110
	10
	0
	1
	1

	111
	9
	0
	0
	0


Table 3: Mapping of the layer number k to ∆k for rank=3 (as for the FFS bullet in the agreement [14]).

	k

	∆k

	
	

	0
	0

	1
	6

	2
	9


Tables 1,2 and 3 show the proposed CS/OCC mapping for rank-3, according to the notation in the agreement [14] where nOCC,k  is the OCC index, nDMRS,0(2) is the DMRS shift for layer-0, k is the layer index and ∆k  is the CS associated to layer-k.
According to Tables 1, 2 and 3, 4 DMRS patterns for optimized SU-MIMO and MU-MIMO with equal bandwidth allocation are available as well as 4 DMRS patterns for support of MU-MIMO and unequal bandwidth allocation, thus providing complete support to all the MIMO configurations of interest. A comparison of the rank-3 CS/OCC patterns according to [6] and to Table 3 is shown in Figure 1.

a) Available Rank-3 DMRS patterns according to [6].
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b) Proposed available Rank-3 DMRS patterns according to Table 1,2,3.
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Figure 1: comparison of the rank-3 CS/OCC patterns according to a) [6] and to b) Table 1,2,3. Each shape represents a different available DMRS sequence. The shaded elements indicate the DMRS associated to the first layer for each pattern.

Figure 2 exemplifies the flexibility of the proposed solution by providing an example of MU-MIMO allocation with 3/1 layers/UE according to the signaling scheme in Table 1,2,3. Both MU-MIMO with equal and unequal bandwidth allocation are supported.

a) MU-MIMO with equal bandwidth allocation:
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b) MU-MIMO with unequal bandwidth allocation:
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Figure 2: Example of configuration of MU-MIMO transmission with 3/1 layers/UE in case of a) equal and b) unequal bandwidth allocation, according to the scheme in [6] and the modified rank-3 CS to OCC mapping as in Table 3. Ue #1 could possibly be a Rel-8 UE. Both MU-MIMO with equal and unequal bandwidth allocation are supported.

Proposal

· The OCC mapping rule for rank-3 according to Tables 1,2 and 3 should be introduced in order to support MU-MIMO with unequal bandwidth allocation as well.

4 Sequence/ Group Hopping Granularity

The optional introduction of TTI-based Sequence/Group Hopping (SGH), as opposed to default slot-based SGH, has been discussed in recent RAN1 meetings. The introduction of TTI-based SGH is motivated by enabling the support to MU-MIMO with unequal bandwidth allocation for Rel-10 UEs. 

However, it appears contradictory to take the standardization and implementation efforts of introducing a new TTI-based SGH and thereafter not provide sufficient freedom in layer combinations to exploit the new hopping scheme.  Thus, also in this the possibility for coscheduling UEs with 3 and 1 layers each and unequal bandwith allocation should be supported by the DMRS allocation as described, e.g., in Section 3. Therefore, we believe that the introduction of a new TTI-based SGH scheme is conditioned on the ability to coschedule UEs with 3 and 1 layers each and with unequal bandwidth allocations.

Observation

· It does not make sense introducing the new TTI-based SGH scheme while preventing the ability to assign DMRS for MU-MIMO UEs with 3 and 1 layers each and with unequal bandwidth allocations.

· An example of suitable DMRS signaling scheme is provided, e.g., in Section 3.

5 Summary

In this contribution we have discussed how to configure UL DM RS for Rel-10 with respect to the FFS bullets in the agreement [14], taking into account performance, flexibility and signaling efficiency requirements for SU/MU-MIMO. Based on these considerations, we propose the following:

· The OCC mapping rule for rank-3 according to Table 1,2,3 is needed in order to also support MU-MIMO with unequal bandwidth allocation.

· It does not make sense introducing the new TTI-based SGH scheme while preventing the ability to assign DMRS for MU-MIMO UEs with 3 and 1 layers each and with unequal bandwidth allocations.

· An example of suitable DMRS signaling scheme is provided, e.g., in Section 3.1.

References

[1] R1-104112
Uplink DM-RS Resource Configuration for LTE-Advanced, Ericsson, ST-Ericsson 

[2] R1-103485
UL DMRS configuration with OCC,
CATT
[3] R1-103623
OCC configuration for uplink DM-RS,
Mistsubishi
[4] R1-103896
Subframe-level SGH and signaling design for DM RS,
Huawei
[5] R1-103812
Remaining details on UL DM RS, NSN, Nokia

[6] R1-103533
Conveying OCC for PUSCH transmission, Qualcomm Inc

[7] R1-103618
Uplink DM-RS design in LTE-Advanced, Pantech

[8] R1-103725
Design of OCC / CS Mapping for UL DMRS,
Sharp

[9] R1-103771
OCC and CS for UL DMRS in SU/MU-MIMO, Panasonic

[10] R1-103931
OCC and CS Configuration for Uplink DM-RS, Motorola

[11] R1-103978Further considerations on UL DM-RS for LTE-Advanced
[12] R1-101969
Evaluation and discussions on OCC for UL DMRS, Huawei

[13] R1-101436
Performance Evaluation of DMRS structure for uplink SU-MIMO, Nokia, NSN
[14] R1-104240, “Report of parallel sessions,” Session Chair, 3GPP RAN1 #61bis, Dresden, Germany, June 2010.
_1343472401.unknown

_1343472433.unknown

_1342978889.unknown

_1343472361.unknown

_1343472368.unknown

_1343472351.unknown

_1342957874.unknown

